I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The coagulation disorder is most common complication in patients with cancer, which presents as thromboembolic manifestations such as deep vein thrombosis (DVT) and pulmonary embolism (PE), intravascular disseminated coagulation (DIC), but mostly as abnormalities in the clotting system in the absence of clinical manifestations.\[[@ref1][@ref2]\] Postmortem studies have shown a markedly increased incidence of developing venous thromboembolism (VTE) in patients with cancer than in patients without malignancy.\[[@ref2][@ref3]\] It was also found that the diagnosis of cancer was much higher in patients presenting with idiopathic than in patients with secondary VTE. The risk for developing cancer significantly increases, particularly in the 1^st^ year after the diagnosis of VTE.\[[@ref4][@ref5]\] The risk of thrombosis varies with different type of tumors, in which the tumors of the ovary, pancreas, and central nervous system were thought to be ranked on the top.\[[@ref6][@ref7][@ref8]\] Many factors also contribute to the risk of VTE, including the primary tumor site, age, immobility, and type of therapeutic intervention.\[[@ref3][@ref9][@ref10][@ref11]\] Khorana *et al*. tried to establish a model to predict the chemotherapy-associated thrombosis. Unfortunately, this model can only identify patients with a 7% short-term risk of symptomatic VTE.\[[@ref12]\]

In this study, we retrospectively investigated 2328 patients with cancer and systematically analyzed their clinical features, laboratory tests variable for hemostasis and peripheral hemogram, exploring the coagulable plasma profiles and evaluating the factors related to the occurrence of hypercoagulable and thrombotic events.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

Patients {#sec2-1}
--------

This retrospective study was performed at the Changzhou Second People\'s Hospital. The study was approved by the Local Ethics Committee, which waived the need for informed written consent. The authors had access to identifying information during and after data collection. The patients (aged 16--90 years) with different types of cancer admitted for the adjuvant or palliative chemotherapy and the supportive treatment from 2011 to 2015 were recruited. The cancer was defined according to pathological findings. Other inclusion criteria were measurable disease by image examinations. Disease clinical staging (I-IV) depended on the systems recommended by the National Comprehensive Cancer Network for different types of cancer. Exclusion criteria were DIC, which was diagnosed on the parameters issued by the Chinese hematology society in 1999. The patients who were being treated with the medications (such as heprin or hemocoagulase) were also excluded. The patients with severe liver diseases, such as hepatocirrhosis, were not included except that with liver cancer.

Blood sampling and handling {#sec2-2}
---------------------------

Blood was sampled into sterile sodium citrate- or ethylenediaminetetraacetic acid- contained tubes (Greiner Bio-One), respectively, for analysis of hemostasis-related parameters and thrombin generation measurement and complete blood count (CBC). Blood was immediately centrifuged at room temperature for 3 min at 3500 g, and plasma was aliquoted. Routine hemostasis parameters were determined directly with immunoturbidimetry. Sysmex CA-8000 was used for blood coagulation determination. CBC was performed with Sysmex XE-2100 or XS-800i (Symex, Japan).

Routine clinical parameter {#sec2-3}
--------------------------

All routine hemostasis parameters such as prothrombin time (PT), activated partial thromboplastin time (APTT), fibrinogen (FBG), thromobin time (TT), and D-dimer (DD) were determined using the commercial kits (Sysmex, Japan) including the corresponding normal and standard plasma. These parameters were tested before or 2--3 weeks after chemotherapy. The level of DD ≥0.55 mg/L was set as positive baseline.

Computed tomography (CT) and magnetic resonance imaging were used for disease clinical staging. The status of tumor metastasis was detected by emission CT and positron emission tomography-CT. The DVT and PE were diagnosed with color Doppler, spiral CT and venography, respectively.

Statistical analysis {#sec2-4}
--------------------

All of patients were divided into different groups according to diseases clinical staging, metastasis sites, thrombosis, and routine coagulation parameters. The data related to interaction or correlation were dealt with two-way ANOVA or Monte Carlo. The unpaired samples were analyzed by *t*-test. A value of *P* \< 0.05 was considered statistically significant. Graphpad Prism version 6 (GraphPad Software, Inc. USA) was used for the above data analysis.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 2328 patients (1262 males and 1066 females) with different types of cancer were involved in this study, 1419 with positive DD value and other 909 with negative DD value. Of the 2328 patients, 354 accepted 2--8 cycles of chemotherapy. In the positive DD group, 53 patients were diagnosed as thrombosis, which constituted of 40 with VTE and 13 with PE. As shown in [Table 1](#T1){ref-type="table"}, all of 2328 distributed among 21 different types of patients with cancer. Overview, the identified evidence of thrombosis was about 2.28% in spite of a significantly higher proportion of positive DD cases (60.95%) in the included patients.

###### 

Patients' distribution in 21 types of tumor (*n*)

  Types                       Positive DD without thrombus   Positive DD with thrombus   Negative DD
  --------------------------- ------------------------------ --------------------------- -------------
  Gastric tumor               313                            6                           174
  No small cell lung cancer   279                            13                          123
  Colon cancer                184                            2                           167
  Rectal cancer               134                            5                           101
  Breast cancer               85                             6                           91
  Cardia cancer               64                             1                           37
  Lymphoma                    45                                                         42
  Ovarian cancer              41                             3                           17
  Pancreatic cancer           36                             2                           14
  Esophageal cancer           29                             1                           47
  Hepatocellular cancer       27                             6                           5
  Nasopharyngeal carcinoma    26                                                         23
  Small cell lung cancer      17                                                         8
  Cervical cancer             15                             1                           14
  Bladder cancer              14                                                         9
  Gallbladder cancer          14                             1                           7
  Prostate cancer             13                             1                           12
  Kidney cancer               10                             2                           5
  Melanoma                    9                                                          7
  Biliary tract carcinoma     7                                                          
  Fallopian tube cancer       4                                                          6
  Other                                                      4\*                         

\*Three endometrial cancer and one carcinoma vulvae. DD: D‑dimer.

The incidence of positive DD events in different cancer types is illustrated in [Figure 1](#F1){ref-type="fig"}. There was a higher incidence of 86.84% and 73.08% in 38 hepatocellular carcinoma cases and 52 pancreatic cancer cases, respectively. This is not completely consistent with the incidence of thrombosis as shown in [Table 1](#T1){ref-type="table"}. Interestingly, the types of tumors with high risk of thrombosis\[[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8]\] such as kidney cancer, hematocellular carcinoma, pancreatic cancer, and ovarian cancer were included in our data.

![The incidence of positive D-dimer in different types of cancer.](CMJ-129-1772-g001){#F1}

The relationship between positive DD incidence and tumor clinical stage is shown in [Figure 2a](#F2){ref-type="fig"}. It was noted that 57.45% of positive DD cases and 66.69% of thrombosis events occurred at disease clinical Stage IV. There were overall significant differences between positive DD incidence and clinical stages analyzed with two-way ANOVA (*P* \< 0.0001 for interaction, column and row factors) as shown in [Figure 2b](#F2){ref-type="fig"}. However, no statistical significance was given for *t*-test in negative DD group (*P* \> 0.05), by individually comparing DD level in different stages. Together, these suggest that the disease stage is a key factor for patients' coagulation status.

![The impact of clinical stage on DD abnormality. Positive DD cases classified by disease clinical staging (I--IV). (a) The distribution. (b) The average DD level, *P* \< 0.0001 for interaction by two-way ANOVA. DD: D-dimer; w/o: without.](CMJ-129-1772-g002){#F2}

Next, we analyzed the relationship between positive DD development and metastasis site in these 2328 cases. The percentage of positive DD incidence was comparable in bone (71.233%), liver (70.064%), and lung (70.064%) metastasis groups \[[Figure 3a](#F3){ref-type="fig"}\]. However, the medial DD level in the bone and liver groups was significantly higher (*P* \< 0.0001 and *P* = 0.0014) as compared to the level in lung group \[[Figure 3b](#F3){ref-type="fig"}\]. It indicates that the metastasis site is also an important factor affecting positive DD value.

![The influence of metastasis site on DD abnormality. (a) The positive DD incidence based on metastasis site. (b) The medial DD level in positive DD group, *P* \< 0.0001 for bone vs. lung by *t*-test. DD: D-dimer.](CMJ-129-1772-g003){#F3}

We further analyzed the routine hemostasis parameters such as PT, APTT, TT, and FBG in addition of DD, coarsely exploring the hypercoagulable state and the coagulation cascade in positive DD patients with cancer. In negative DD group, no significantly statistical differences were found in the different stages (*P* \> 0.05) by comparing the individual parameter with *t*-test described as above. In positive DD group, the interaction as well as the column and row factors between the average level of FBG and the disease stages was significant (*P* \< 0.0001) as shown in [Figure 4a](#F4){ref-type="fig"}. However, there were no significant differences in TT whatever in interaction, column, and row factors \[[Figure 4b](#F4){ref-type="fig"}\]. [Figure 4](#F4){ref-type="fig"} also shows the variation of APTT and PT (Biomarkers for intrinsic and extrinsic pathways, respectively) over disease stages in positive DD group. Both of APTT and PT showed a higher level following with disease stages (*P* = 0.0007 and *P* \< 0.0001 for interaction; *P* = 0.0053 and *P* \< 0.0001 for column factors; and *P* = 0.013 and *P* = 0.007 for row factors). These implicate that both of the intrinsic and extrinsic systems are involved in the development of hypercoagulable plasma profile during the disease progression.

![The interaction of hemostasis parameters with clinical stages in positive DD group without thrombus analyzed by two-way ANOVA. (a and b) Overall comparison: *P* \< 0.0001 and *P* \> 0.05. (c and d) Interaction: *P* \< 0.05 and *P* \< 0.0001. FBG: Fibrinogen; TT: Thromobin time; APTT: Activated partial thromboplastin time; PT: Prothrombin time; DD: D-dimer; w/o: without.](CMJ-129-1772-g004){#F4}

Meanwhile, we compared CBC in addition of DD value between positive DD groups with and without thrombus, evaluating their influence on thrombosis. Between these two groups, the significantly statistical differences were shown in white blood cell (WBC) count (*P* = 0.026) and DD level (*P* = 0.043) rather than in red blood cell (RBC) and platelet count (*P* \> 0.05) \[[Table 2](#T2){ref-type="table"}\]. The correlation analysis between DD level and CBC in positive DD group revealed that the higher DD level did not correlate with WBC, RBC, or platelet count in these cases.

###### 

Comparison of complete blood count between positive DD groups with and without thrombus

  Items                 Without thrombus (*n* = 1366)   With thrombus (*n* = 53)   *t*    *P*
  --------------------- ------------------------------- -------------------------- ------ ---------
  DD (mg/ml)            2.43 ± 18.35                    14.75 ± 25.87              2.53   0.043\*
  WBC (×10^9^/L)        5.73 ± 3.54                     7.42 ± 3.75                2.95   0.026\*
  RBC (×10^12^/L)       3.74 ± 0.72                     3.63 ± 0.72                0.14   0.893\*
  Hb (g/L)              113.95 ± 21.97                  110.84 ± 22.52             0.54   0.609
  Platelet (×10^9^/L)   197.92 ± 107.71                 218.28 ± 95.29             2.26   0.672\*

Data were presented as mean ± SD. \*No significant correlation between D-dimer level and CBC in positive DD group by Monte Carlo analysis. DD: D-dimer; WBC: White blood cell; RBC: Red blood cell; Hb: Hemoglobin; CBC: Complete blood count.

A total of 354 patients with the different types of cancer were admitted for chemotherapy. The cycle of chemotherapy ranged from 2 to 8, but usually about 4--6 cycles. The DD level during chemotherapy is listed in [Figure 5](#F5){ref-type="fig"}. In contrast to the baseline tested before chemotherapy (C0), the average DD level in first six cycles (C1--C6) was markedly decreased (*P* = 0.0075, *P* = 0.0302, *P* = 0.00357, *P* = 0.0351, *P* = 0.0006, *P* = 0.0041, respectively). Furthermore, no one in 53 thrombosis cases was diagnosed during or after chemotherapy. Therefore, these data suggest that the effective chemotherapy can alleviate the hypercoagulable plasma state of cancer patients.

![Effect of chemotherapy on D-dimer level *P* \< 0.05 for first 6 cycles (C1--C6) vs. baseline (C0); *P* \> 0.05 for C7--C8 vs. C0.](CMJ-129-1772-g005){#F5}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The balance between anti-thrombosis and thrombosis is physiologically normalized by a series of factors in blood. In cancer patients, the decreased levels of coagulation inhibitors, the presence of antiphospholipid antibodies, tumor-derived tissue factor (TF), the impaired fibrinolysis, and the acquired activated protein C resistance contribute to the hypercoagulable state.\[[@ref3][@ref13][@ref14]\] Other factors, such as medication and treatment as clotting inducers, are involved in the complex and multifactorial pathogenesis of thrombosis.

This retrospective study showed a great linkage between hypercoagulable abnormality and disease clinical stage based on the positive DD incidence and DD value. Of note, the higher tumor volume is a key risk factor of DVT, intravascular DIC, and abnormalities in the clotting system in the absence of clinical manifestations. Some investigators regarded tumor stage and its primary site as top two predictive factors for the risk of thrombosis.\[[@ref6][@ref10][@ref15]\] Otherwise, the site of cancer metastasis is another major risk related to hypercoagulable state according to this observational study (especially, bone vs. lung metastasis). Obviously, the encroachment of sinusoidal circulation in bone marrow or liver has an impact on the coagulation cascade.

There are two physiological pathways, intrinsic pathway and extrinsic pathway, to activate coagulation cascade. Our results showed that APTT and PT, as the biomarkers for intrinsic and extrinsic pathways, respectively, presented significant higher level in cancer patient with positive DD, which was related to the disease clinical stage.\[[@ref15]\] In the intrinsic pathway, the activation of factor XII, as the initial step, is triggered by the endothelial damages, which is caused directly by tumor invasion or indirectly by cytokines such as interleukin-1 (IL-1), IL-6, and tumor necrosis factor released by macrophages and monocytes as result of their interaction with tumor cells.\[[@ref3][@ref14]\] Moreover, TF and cysteine proteases in cancer cells can function as procoagulant factors and efficiently activate factor VIIa (the first step in extrinsic pathway) and factor X, respectively.\[[@ref3][@ref14][@ref16][@ref17]\] Meanwhile, the higher level of FBG is another clinical feature in positive DD group rather than in negative DD group based on our study. It is reported that the defect of fibrinolysis in cancer patients is also involved in hypercoagulable development and that FBG increases metastatic potential.\[[@ref18][@ref19][@ref20]\] Taken together, the hemostasis abnormalities in cancer are referred to complex mechanism and reflect clinical features, but its significance for treatment optimization and prognosis prediction remains to be further investigated.

A series of other factors has been considered as risk factors referred to clotting, including completed blood count, erythropoietin or granulocyte colony-stimulating factor administration, and chemotherapy.\[[@ref7][@ref12][@ref14]\] Kawaguchi *et al*. and Pulivarthi and Gurram reported that DD was set as cutoff value for prediction of DVT before treatment in ovarian cancer.\[[@ref21][@ref22]\] In 1419 positive DD patients, 53 were diagnosed as thrombosis with Doppler or spiral CT and other of cases lived without any clinical findings after our long-term following-up. We found that it was hard to identify thrombotic event by DD value because of its huge deviation although the average DD value in thrombosis patients was much higher than that in positive DD group without thrombosis. On the other hand, the higher platelet and WBC counts seemed to characterize patients in thrombosis group by comparing to positive DD group without thrombosis. However, our study further indicated that whatever blood count (platelet, WBC, and RBC or hemoglobin) did not correlate the higher DD level in positive DD group. It is not consisted with the previous reports in which complete blood count has be taken as one of the multiple factors to evaluate thrombogenesis risk in cancer patients.\[[@ref7][@ref12]\] Recently, it was found that the cancer patients had elevated levels of circulating TF-positive microparticles (MPs) derived from tumor, especially in pancreatic and gastric cancer.\[[@ref23]\] Moreover, these MPs correlated with venous thrombosis in patients with cancer.\[[@ref24][@ref25][@ref26]\] Unfortunately, we did not have chance detecting MPs in our 2238 cases with different types of cancer.

The chemotherapy, particularly platinum regimen, has been considered as an inducer of thrombosis in cancer patients.\[[@ref3][@ref7][@ref11][@ref12]\] However, none of the thrombosis events in 53 patients occurred during or after the chemotherapy in our data. The chemotherapy significantly decreased the hypercoagulable state, but this effect was exerted only in first 6 cycles that were commonly recommended. The laboratory research demonstrated that cytotoxic chemotherapy treatment increased cellular phosphatidylserine (PS) exposure and release of TF-positive MPs.\[[@ref27]\] However, no increase in MP TF activity was observed in patients during 1 week.\[[@ref28][@ref29]\] Therefore, the PS exposure and free DNA release, caused by cytotoxic damage, were taken as activators of coagulation in 1^st^ week of undergoing chemotherapy.\[[@ref14][@ref27][@ref30]\] In fact, the DD was tested 2--3 weeks after chemotherapy in our data. Several clinical groups reported that systemic chemotherapy successfully controlled disseminated intravascular coagulation (DIC) complicated with gastric cancer.\[[@ref31][@ref32]\] We wonder whether the abnormal DD value caused by chemotherapy also emerges in the 1^st^ week of treatment and whether the phenomenon above in our observational study correlates with the efficiency of chemotherapy.

In summary, this retrospective study demonstrates the positive correlation between hypercoagulable abnormality and tumor types, clinical stage, metastasis site in cancer. The routine hemostatic parameters and CBC may be used as assessment for thrombogenesis and chemotherapy although new biomarkers such as TF, TF-positive MPs have been explored. Finally, the diagnosis of VTE should encompass clinical and laboratory information.
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